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Thrombotic microangiopathy after parvovirus B19

Check for
updates

infection treatment in a kidney transplant
recipient. An uncommon presentation

Microangiopatia trombética tras el tratamiento de infeccion por
parvovirus B19 en trasplantado renal. Una presentacién infrecuente

Dear Editor,

Parvovirus B19 (PB19) is a single-stranded DNA virus for which
90% of the population has antibodies, given that primary infec-
tion usually occurs during childhood. While PB19 infection
is usually trivial in the general population,! in immunosup-
pressed patients it may manifest itself in the form of pure red
cell aplasia or pancytopenia (due to the trophism of the virus
towards the P antigen on the surface of erythroblasts).”™ It
is also a cause of thrombotic microangiopathy (TMA) regard-
less of the degree of immunosuppression. We present here a
case of pancytopenia secondary to PB19 complicated by TMA
in a kidney transplant patient after withdrawal of immuno-
suppression.

This was a 48-year-old male with a history of chronic kid-
ney disease resulting from chronic interstitial nephropathy
in the context of repeated urinary tract infections and uri-
nary tract malformations, having had his first and only kidney
transplant and undergone a urostomy in 2014, on immuno-
suppression with prednisone, tacrolimus and mycophenolic
acid.

Over the course of follow-up, he had progressive deteriora-
tion in renal function to baseline creatinine levels of around
4mg/dl in association with chronic antibody-mediated rejec-
tion in July 2020 and repeated urinary tract infections related
to the malformations described above.

The patient was admitted in October 2020 for asthenia and
fever. Lab testsrevealed a deterioration in renal function with a
creatinine level of 8.36 mg/dl, metabolic acidosis, haemoglobin
of 3.8g/dl, 98,000 platelets/ul and 3200 leucocytes/pl. With
these findings, he was given three units of packed red blood
cells and restarted on chronic haemodialysis via a central
venous catheter.

Subsequent investigation of the anaemia revealed micro-
cytic and hyporegenerative anaemia, with no red blood cell
schistocytes in the smear. However, suppressed haptoglobin
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and an LDH of 511 U/l were found. In view of these data,
an endothelial cell culture was performed, but was nega-
tive. Coombs test, serum electrophoresis, Leishmania and PB19
serologies and viral loads for cytomegalovirus, BK virus and
Epstein-Barr virus were negative.

With no improvement ten days after admission, a
bone marrow biopsy was performed, showing hypocellu-
lar marrow with erythroid hyperplasia, lantern cells and
viral inclusions positive for anti-PB19 antibodies (Fig. 1).
Tacrolimus and mycophenolic acid were discontinued and
intravenous immunoglobulins (IVIg) were started at a dose of
400 mg/kg/day for five days.

After completing the treatment, the patient’s anaemia
and thrombocytopenia worsened and he developed difficult-

Fig. 1 - Patients bone marrow biopsy. The image on the left
shows large proerythroblasts and lantern cells (arrows)
(haematoxylin-eosin stain). The image on the right shows
parvovirus B19 viral inclusions (arrowheads).


https://doi.org/
http://www.revistanefrologia.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nefroe.2024.10.006&domain=pdf
https://doi.org/10.1016/j.nefro.2024.03.003
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
dx.doi.org/10.1186/s12920-021-01009-7
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
mailto:xhamymartelli@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.nefroe.2024.09.005
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nefroe.2024.10.006&domain=pdf
https://doi.org/10.1016/j.nefro.2024.03.004
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0030
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
mailto:miguel.agm1505@gmail.com
mailto:varillascaso@gmail.com
mailto:marago87@gmail.com
mailto:merchecabamolina2@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.nefroe.2024.10.004
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nefroe.2024.10.006&domain=pdf
https://doi.org/10.1016/j.nefro.2024.03.005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0025
https://www.nefrologiaaldia.org/269
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
http://refhub.elsevier.com/S2013-2514(24)00177-9/sbref0050
mailto:angelgallegos.nefro@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.nefroe.2024.03.025
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nefroe.2024.10.006&domain=pdf
https://doi.org/10.1016/j.nefro.2024.01.004

NEFROLOGIA.2024;44(5):743-768

751

Table 1 - Changes in the patient’s clinical and biochemical parameters on admission, after withdrawal of

immunosuppression, after three doses of eculizumab and during subsequent follow-up.

Lab test findings On admission After withdrawal After 3 dosesof  After 1 month of After 3 months
of immunosup-  eculizumab?® follow-up? of follow-up?
pression

Haemoglobin (g/dl) 3.8 7.0 8.5 10.0 111

Platelets (x10%/1) 98 71 133 146 183

Peripheral blood schistocytes (per high-power field) <1 3 <1 <1 <1

Haptoglobin (mg/dl) <5.83 <5.83 10.30 17.60 27.50

Reticulocyte production index (%) 0.1 6.3 6.8 3.8 42

LDH (U/]) 511 655 286 217 256

Systolic blood pressure (mmHg) 133 199 125 146 144

Diastolic blood pressure (mmHg) 64 107 80 85 91

LDH: lactate dehydrogenase.
@ Transfusion independence after three doses of eculizumab.

to-control hypertension (HTN), with an increase in LDH to
655mg/dl. In addition, 6.3% reticulocytes (consistent with
hyperregenerative anaemia) and three red blood cell schisto-
cytes per field were observed in the peripheral blood smear.
Donor-specific antibody testing was negative and other causes
of HTN were ruled out by renal doppler.

Given the temporal relationship with the withdrawal of
immunosuppression and the impossibility of performing a
renal biopsy due to the high risk of bleeding, the patient was
given 900 mg of eculizumab empirically every week for three
weeks, achieving resolution of the haematological parame-
ters and arterial hypertension (Table 1). However, no recovery
of renal function was observed, probably because the patient
already had advanced chronic kidney disease. Therefore,
at discharge, the patient remained dependent on chronic
haemodialysis.

Discharge serology for PB19 was positive and subsequent
testing for mutations of alternative complement pathway reg-
ulatory proteins was negative.

PB19 infection usually occurs in the first year after
transplantation’ and should be suspected in patients
with erythropoietin-resistant anaemia.>*° For diagnosis, the
guidelines recommend determining viral load, as serology is
not very sensitive in immunosuppressed patients.” In this
case, a bone marrow biopsy was necessary given the low ini-
tial suspicion for this infection due to the amount of time since
transplantation. The most common findings in bone marrow
biopsy are giant proerythroblasts with intranuclear inclusions
(lantern cells) (Fig. 1).

The recommended treatment’ is IVIG at a dose of
0.4 g/kg/day for five days. In most cases, this treatment allows
patients to be transfusion-independent at 12 months.®

After the start of treatment, the patient developed TMA.
PB19-associated TMA is most commonly reported in the
immediate post-transplant period.” Two mechanisms have
been proposed as possible explanations for the development
of PB19-associated TMA: direct invasion of the endothelium
via the P antigen’® or immune complex formation. In both
cases, endothelial damage would stimulate activation of the
alternative complement pathway, which would explain the
good response to a short course of eculizumab.’

In conclusion, PB19 can trigger bone marrow aplasia in
the late post-transplant period and is a rare cause of TMA

which, in this case, showed significant improvement with
eculizumab.
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What does the finding of amyloid casts in multiple

myeloma mean?

Check for
updates

;Qué significa el hallazgo de cilindros de amiloide en el mieloma

multiple?

Dear Editor,

About 50% of patients with multiple myeloma (MM) develop
various forms of renal injury during the disease’ in, including
myeloma kidney (32-48% in MM post-mortem examinations
or myeloma cast nephropathy),” light chain amyloidosis
(10-15% of cases! and monoclonal immunoglobulin depo-
sition disease. Other disorders may be encountered more
rarely, such as light chain proximal tubulopathy, light chain-
associated acute tubulointerstitial nephritis and glomerular
involvement by cryoglobulins. A far less frequently reported
lesion is the finding of amyloid casts, which is challenging to
comprehend, both in terms of the mechanism of their forma-
tion and their clinical significance. We are presenting a case.

He was a 57-year-old man with history of hypertension,
hyperuricaemia and stage G3bA3 chronic kidney disease
attributed to repeated episodes of obstructive uropathy due
to calcium oxalate stones, who consulted for proteinuria. A
serum monoclonal IgA lambda component of 0.84 g/dl with
lambda free light chains of 1,784 mg/1 and Bence Jones protein-
uria of 1g/24 h was identified. Given these findings, the patient
was referred to haematology, where a bone marrow aspirate
was performed, confirming the diagnosis of IgA lambda MM.
It was therefore decided to perform a renal biopsy to assess
renal involvement and plan a treatment.

In the renal biopsy, a maximum of three glomeruli per slice
plane were counted, none of which was globally sclerosed or
ischaemic and all of which retained their normal size and lob-
ulation, and no mesangial expansion, deposits or increased

DOI of original article:
https://doi.org/10.1016/j.nefro.2024.02.007.

cellularity were identified at any level. In the tubular lumen,
casts (up to 3mm?) of eosinophilic material with associated
histiocytic reaction were identified, which were weakly posi-
tive with periodic acid-schiff (PAS) staining, negative with the
silver technique, polychromatophilic with Masson’s trichrome
and positive with the Congo red technique, with no positivity
identified with this technique at other levels. At the tubuloin-
terstitial level, chronic lymphocytic inflammatory infiltrate,
tubular atrophy and interstitial fibrosis were also identified
affecting 40% of the cortical surface. Direct immunofluores-
cence techniques showed strong positivity for lambda light
chains in the cytoplasm of proximal tubule epithelial cells
(Fig. 1).

The observed casts preented positivity for IgA, kappa and
lambda light chains. Chronicity score: 4, mild chronic changes,
glomerular sclerosis 0 (<10%), tubular atrophy 2 (26-50%),
interstitial fibrosis 2 (26-50%), atherosclerosis 0 (intimal fibro-
sis <average). Cal (<5 casts/mm?) T2 (atrophy/fibrosis 25-50%)
according to the classification proposed by Royal et al.>*

In view of the findings described above, the patient was
diagnosed with myeloma cast nephropathy and chronic tubu-
lointerstitial nephritis with mild chronic changes. A further
study was performed with a fat biopsy, which did not
identify an amyloid deposit, and the D-CVD regimen (daratu-
mumab, bortezomib, cyclophosphamide and dexamethasone)
was administered.

The pathogenesis of renal light chain damage involves the
transformation of mesangial and tubular cells into cells of
other lineages. If the transformation is to the myofibroblas-
tic lineage, light chain disease will develop, whereas if the
transformation is to the macrophage-histiocyte lineage, renal
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